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(54) CALIBRATION SYNCHRONIZATION FOR MACHINE AND IMPLEMENT

(67)  Systems and methods for calibrating a machine
for operating with an implement that is selectively cou-
pleable to the machine (101). Both the implement (103)
and the machine (101) have memories (113, 119) storing
calibration data for machine-implement combinations.
The machine and the implement are operated based on
a calibration value stored to the machine memory (113)
corresponding to an identification of the specific imple-
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Description
BACKGROUND

[0001] The present invention relates to systems and
methods for using a machine to operate a selectively
couplable implement. For example, a farming machine
such as a combine harvester can be selectively coupled
to one or more different header implements and config-
ured to operate the header implement, for example, by
providing an operating energy (e.g., hydraulic flow, elec-
trical current) to the header implement.

SUMMARY

[0002] In various different embodiments, the invention
provides systems and method for coordinated operation
of a machine and an implement. For example, a farming
machine, such as a combine harvester, may be config-
ured to operate with various different types of header
implements. Each header implement may be specially
designed for harvesting a particular type of crop. In some
implementations, the combine harvester is configured to
operate the header implement by providing mechanical
energy (e.g., generated by an electric motor or combus-
tion engine of the combine harvester) to the header im-
plement. However, in order to provide precise control of
the header implement, the combine harvester must be
calibrated for each different header implement that is se-
lectively coupled to the combine harvester.

[0003] One mechanism for calibrating a machine for a
particular selectively coupleable implement is to perform
a calibration procedure in which operating power and/or
control signals transmitted between the machine and the
implement are controllably varied while the operation of
the implementis monitored (e.g., by sensors). Calibration
data is generated for a particular machine-implement
combination during the calibration procedure and is
stored for later use in controlling the operation of the im-
plement by the machine. However, this process can be
time-consuming and may be impractical - particularly in
situations where the implement attached to a particular
machine is frequently changed.

[0004] In some embodiments described herein, the
machine and the implement are each configured to in-
clude a non-transitory computer readable memory stor-
ing calibration data for prior machine-implement combi-
nations. For example, the implement memory is config-
ured to store calibration data for a plurality of different
machines to which the implement was previously cou-
pled. Similarly, the memory of the machine is configured
to store calibration data for a plurality of different imple-
ments to which the machine was previously coupled. Ac-
cordingly, in some embodiments, when the machine is
coupled to an implement, it determines whether calibra-
tion data is stored in the machine memory for the same
particular implement. If so, the machine uses the stored
calibration data to control the operation of the implement.
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[0005] Insome embodiments, if calibration data for the
same implement is not already stored in the machine
memory, the machine determines whether calibration da-
ta is stored in the machine memory for a different imple-
ment thatis of the same implement type as the implement
that is current coupled to the machine (e.g., a different
implement of the same make/model) and controls the
operation of the implement that is currently coupled to
the machine based on the calibration data stored to the
machine memory for one or more other implements of
the same type.

[0006] In some embodiments, if calibration data for a
differentimplement of the same type is not already stored
in the machine memory, the machine determines wheth-
er calibration data is stored in the machine memory for
a similar type of implement (e.g., a different model im-
plement from the same manufacturer or an similar im-
plement from a different manufacturer) and controls the
operation of the implement that is currently coupled to
the machine based on the calibration data stored to the
machine memory for one or more other similar imple-
ments.

[0007] Insomeembodiments, ifusable calibration data
(e.g., calibration data for the same implement, a different
implement of the same type, or a similar implement) is
not stored on the machine memory, the machine will que-
ry the implement to determine whether usable calibration
data is stored on the implement memory. The implement
is configured to determine whether calibration data is
stored in the implement memory for the same particular
machine to which the implement is currently coupled, for
a different machine of the same type, or a similar ma-
chine. If any such usable calibration data is stored on the
implement memory, the implement is configured to re-
spond to the query from the machine by transmitting the
most relevant calibration data from the implement mem-
ory to the machine. The machine will then stored the cal-
ibration data received from the implement to the machine
memory and use the received calibration data to control
the operation of the implement that is currently coupled
to the machine.

[0008] Insomeembodiments, ifusable calibration data
(e.g,. calibration data for the same implement, a different
implement of the same type, or a similar implement) is
not stored in the machine memory or in the implement
memory, the machine uses default calibration data to
control the operation of the implement that is currently
coupled to the machine. In some such embodiments, the
machine is configured to initiate communication with a
remote serverto access and download default calibration
data for the implement that is currently coupled to the
machine.

[0009] In some embodiments, the machine is further
configured to apply a feedback optimization mechanism
while operating animplement based on stored calibration
data. Using the feedback optimization, the machine de-
termines whether the calibration data used by the ma-
chine for the implement that is currently coupled to the
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machine should be changed. If the feedback optimization
produces new updated calibration data for the machine-
implement combination, the new updated calibration da-
ta is stored to both the machine memory and the imple-
ment memory.

[0010] In one embodiment, the invention provides a
method of calibrating a machine for operating with an
implement that is selectively coupleable to the machine.
Both the implement and the machine have non-transitory
computer readable memories storing calibration data.
The machine calibration data stored to the memory of
the machine includes an identification of one or more
specific implements and a calibration value for each of
the one or more specific implements. In response to de-
tecting a coupling between the machine and the imple-
ment, the machine determines whether the machine cal-
ibration data includes a calibration value corresponding
to an identification of the implement that is selectively
coupled to the machine. If so, the machine and the im-
plement are operated based on the identified calibration
value from the machine calibration data stored to the
memory of the machine. If not, the machine determines
a calibration value for the implement based at least in
parton other calibration data stored by the machine mem-
ory and/or the implement memory. In some embodi-
ments, the machine calibration data stored on the mem-
ory of the machine is also synchronized with the imple-
ment calibration data stored on the memory of the imple-
ment when the implement is selectively coupled to the
machine.

[0011] Other aspects of the invention will become ap-
parent by consideration of the detailed description and
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Fig. 1 is a block diagram of control systems for a
machine and an implement selectively coupled to
the machine according to one embodiment.

Fig. 2A is a first example of a machine table storing
calibration data for a plurality of differentimplements
in the machine memory of Fig. 1.

Fig. 2B is a first example of an implement table stor-
ing calibration data for a plurality of different ma-
chines in the implement memory of Fig. 1.

Fig. 3 is a flowchart of a method performed by the
machine (coupled to an implement as shown in Fig.
1) for determining calibration data to be used by the
machine in controlling the operation of the implement
that is currently coupled to the machine.

Fig. 4 is a flowchart of a method performed by the
machine (coupled to an implement as shown in Fig.
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1) for accessing default calibration data from a re-
mote server in response to determining that usable
calibration data is not stored in the machine memory
or in the implement memory.

Fig. 5 is a flowchart of a method performed by the
machine (coupled to an implement as shown in Fig.
1) for adjusting calibration data by applying a cali-
bration optimization while operating the implement
that is currently coupled to the machine.

Fig. 6 is a flowchart of a method performed by the
implement (coupled to a machine as shown in Fig.
1) in response to a request for calibration data re-
ceived from a machine that is currently coupled to
the implement.

Figs. 7A and 7B are a second example of a machine
table and an implement table stored to the memory
of the machine and the memory of the implement of
Fig. 1, respectively, in which calibration data for the
machine-implement combination is already stored in
both the machine table and the implement table.

Figs. 8A and 8B are a third example of a machine
table and an implement table stored to the memory
of the machine and the memory of the implement of
Fig. 1, respectively, in which the implement is a new
implement that does not have any previous calibra-
tion data stored in the implement memory.

Figs. 9A and 9B are a fourth example of a machine
table and an implement table stored to the memory
of the machine and the memory of the implement of
Fig. 1, respectively, for an implement and a machine
that have not previously been coupled together.

Figs. 10A and 10B are a fifth example of a machine
table and an implement table stored to the memory
of the machine and the memory of the implement of
Fig. 1, respectively, in which the implement and the
machine have been previously coupled, but the cal-
ibration data for the machine-implement combina-
tion is missing from the machine memory.

DETAILED DESCRIPTION

[0013] Before any embodiments of the invention are
explainedin detail, itis to be understood that the invention
is notlimited inits application to the details of construction
and the arrangement of components set forth in the fol-
lowing description or illustrated in the following drawings.
The invention is capable of other embodiments and of
being practiced or of being carried out in various ways.
[0014] Fig. 1illustrates an example of a control system
for a machine 101 communicatively coupled to a control
system for an implement 103. In the example of Fig. 1,
the machine 101 and the implement 103 become com-
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municatively coupled when the implement 103 is me-
chanically coupled to the machine 101 for the purposes
of performing a task. The machine 101 and the implement
103 both include mechanism components and/or actua-
tors 105, 107 that are controlled during performance of
the task. For example, the machine 101 may include a
combine harvester and the implement 103 may include
aheader designed for harvesting a particular type of crop.
In some implementations, the actuator/component 105
of the combine harvester (e.g., the machine 101) may
include a combustion engine or electric motor configured
to provide mechanical operating power to the header
(e.g,. the implement 103) for turning a reel of the header
that pushes the crops downward towards a cutter bar.
[0015] The machine 101 is equipped with a machine
controller 109 that includes an electronic processor 111
and a non-transitory computer-readable memory 113.
The machine memory 113 stores data (e.g., calibration
data as discussed below) and computer-readable in-
structions that are executed by the electronic processor
111 to provide functionality of the machine controller 109.
Similarly, the implement 103 is equipped with an imple-
ment controller 115 that includes an electronic processor
117 and a non-transitory computer-readable memory
119. The implement memory 119 also stores data (e.qg.,
calibration data as discussed below) and computer-read-
able instructions that are executed by the electronic proc-
essor 117 to provide functionality of the implement con-
troller 115.

[0016] The machine controller 109 and the implement
controller 115 are configured to communicate electroni-
cally via a wired or wireless communication interface. In
some implementations, as shown in the example of Fig.
1, the machine controller 109 and the implement control-
ler 115 are also both configured to communicate with a
remote server computer 121 via a wired or wireless com-
munication interface. In some implementations where a
wireless interface is used to communicate with the re-
mote server 121, the machine controller 109 and/or the
implement controller 115 may be configured to commu-
nicate with the remote server 121 during real-time oper-
ation of the machine 101 and implement 103. However,
in other implementations (including implementations
where a wired communication interface is used to com-
municate with the remote server 121, the machine con-
troller 109 and/or the implement controller 115 may in-
stead be configured to communicate with the remote
server 121 only when the machine 101 is stationary (e.g.,
when the machine 101 is not operated to perform the
task and is physically coupled to the remote server 121
via a wired communication interface). In still other imple-
mentations, the machine controller 109 and/or the imple-
ment controller 115 may be configured to communicate
with the remote server 121 both during real-time opera-
tion of the machine 101 and the implement 103 and dur-
ing "down time."

[0017] In the example of Fig. 1, the actuator/compo-
nent 105 of the machine 101 and the actuator component
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107 of the implement 103 are configured to interact with
each other (either mechanically or electrically). However,
in other implementations, the machine controller 109 is
configured to communicate with and control the operation
of the actuator/component 107 of the implement 103 ei-
ther directly or through the implement controller 115. In
either case, in order for the machine 101 and the imple-
ment 103 to operate properly together, the machine 101
and the implement 103 must be calibrated for each other.
Calibration ensures that the control signals and/or me-
chanical operating power provided from the machine 101
to the implement 103 is properly adjusted to provide an
intended operation of the actuator/component 107 of the
implement 103 (e.g., a desired rotation speed of the
header reel, a desired height of the cutter bar, etc.).
[0018] In some implementations, the machine 101 is
configured to interchangeably operate with several dif-
ferent implements including, for example, different im-
plements of the same type and different types of imple-
ments (e.g., different headers each configured to harvest
a different crop and/or different headers from different
manufacturers). Similarly, a single implement 103 may
be configured to be used interchangeably by a number
of differentmachines 101 including, forexample, different
machines of the same type and different types of ma-
chines. In order to ensure proper operation, calibration
of each machine/implement combination is required.
[0019] Rather than require a complete calibration pro-
cedure to be performed each time a machine 101 is cou-
pled to an implement 103, the machine memory 113 and
the implement memory 119 in the example of Fig. 1 are
each configured to store calibration data for previous ma-
chine/implement combinations. In particular, a "machine
table" stored in the machine memory 113 stores a list of
calibration data for a plurality of different implements to
which the machine 101 has previously been coupled.
Similarly, an "implement table" stored in the implement
memory 119 stores a list of calibration data for a plurality
of different machines to which the implement 103 has
previously been coupled.

[0020] Fig. 2A illustrates an example of a "machine
table" stored by the machine memory 113 of the machine
101. Each entry in the machine table defines a previously
used/stored calibration value that is used to control an
interaction/operation between the machine 101 and an
implement. Each entry also identifies an "implement ID,"
an "implement type," and a "calibration ID" for the partic-
ular calibration value. The implement ID uniquely identi-
fies a specific implement and is similar to a "serial
number" or "vehicle identification number" (VIN). The
"Implement Type" is indicative of the type of implement
(e.g., a make/model of the implement). For some ma-
chine/implement combinations, a plurality of different cal-
ibration values may be required. Accordingly, each entry
in the machine table in the example of Fig. 2A includes
a calibration ID distinguishing between different types of
calibration values. For example, in the harvester/header
combination discussed above, the machine & implement
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may need calibration values for the rotational speed of
the reel and for the height of the cutter bar. Accordingly,
calibration values in the machine table of Fig. 2A identi-
fied with the calibration ID "1" may be calibration values
for controlling the rotational speed of the reel while cali-
bration values identified with the calibration ID "2" may
be calibration values for controlling the height of the cutter
bar.

[0021] Fig. 2B illustrates an example of an "implement
table" stored by the implement memory 119 of the imple-
ment 103. Like the machine table of Fig. 2A, each entry
in the implement table defines a previously used/stored
calibration value that is used to control an interaction/op-
eration between the implement 103 and a machine. Each
entry also identifies a "machine ID," a "machine type,"
and a "calibration ID" for the particular calibration value.
The machine ID uniquely identifies each specific imple-
ment and is similar to a "serial number" or VIN, the ma-
chine type is indicative of the type of machine (e.g., a
make/model of the combine harvester), and the calibra-
tion ID distinguishes between different types of calibra-
tion values where multiple different calibration values
may be used to control operations/interactions for a sin-
gle machine/implement combination.

[0022] In cases where a particular machine 101 has
been operated with a particular implement 103 before
and calibration data for the combination of the machine
101 and the implement 103 is stored in the machine table
of Fig. 2A, the calibration process is relatively straight-
forward. When the machine 101 is coupled to the imple-
ment 103, the machine controller 109 is configured to
determine the Implement ID of the implement 103 by
communicating with the implement controller 115. The
machine controller 109 then accesses the calibration val-
ues for the specificimplement 103 from the machine table
of Fig. 2A and uses those calibration values to control
the operation of the implement 103.

[0023] In some implementations, both the machine
controller 109 and the implement controller 115 are con-
figured to utilize the calibration values in order to control
the coordinated operation of the machine 101 and the
implement 103. Accordingly, in cases where a particular
implement 103 has been operated with a particular ma-
chine 101 before and calibration data for the combination
is stored in the implement table of Fig. 2B, the implement
controller 115 simply accesses the appropriate calibra-
tion data from the implement table after determining the
machine ID of the machine 101 by communicating with
the machine controller 109.

[0024] In the specific example of Figs. 2A and 2B, the
machine table of Fig. 2A is stored by a machine 101 with
a Machine ID of "3" and a Machine Type "A" and the
implement table of Fig. 2B is stored by an implement 103
with an Implement ID of "3" and an Implement Type "B".
When the machine 101 is coupled to the implement 103,
the machine controller 109 communicates with the im-
plement controller 115, determines the Implement ID for
the implement 103 (Implement ID = 3), and accesses the
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calibration value stored in the machine table for that Im-
plement ID (calibration value = 5). Similarly, the imple-
ment controller 115 communicates with the machine con-
troller 109, determines the Machine ID for the machine
101 (Machine ID = 3), and accesses the calibration value
stored in the implement table for that Machine ID (cali-
bration value = 5). Accordingly, both the machine con-
troller 109 and the implement controller 115 have the
same calibration value to use in controlling the coordi-
nated operation of the machine 101 and the implement
103.

[0025] However, in some cases the machine table
and/or the implement table may not already have cali-
bration data stored for a particular machine/implement
combination. For example, this may be the first time that
the machine 101 has been coupled to the particular im-
plement 103 (e.g., a brand new machine or implement
that has not been used before) or, due to a recent serv-
icing or system error, some of the calibration data stored
by the machine table and/or implement table may have
been lost or deleted. In such case, the machine controller
109 and/or the implement controller 115 are configured
to use other information stored in the machine table of
the machine 101, in the implementtable of the implement
103, and/or on the remote server 121 to determine ap-
propriate calibration data. Also, while, in some implemen-
tations, both the machine controller 109 and the imple-
ment controller 115 are configured to utilize the calibra-
tion values in order to control the coordinated operation
between the machine 101 and the implement 103, in
some other implementations, the implement table is
stored to the implement memory 119 only to facilitate the
calibration and synchronization with the machine table
(e.g,. as described in the examples below).

[0026] Fig. 3 illustrates an example of a method per-
formed by the machine controller 109 for determining ap-
propriate calibration data when animplement 103 is cou-
pled to the machine 101. In response to detecting a cou-
pling with the implement (step 301), the machine control-
ler 109 communicates with the implement controller 115
to identify the Implement ID and the Implement Type of
the implement 103 (step 303). If calibration data for the
Implement ID is already stored in the machine table (step
305), the machine controller 109 uses the stored calibra-
tion value(s) from the machine table (step 307) while op-
erating the machine 101 and implement 103 (step 309)
until the implement 103 is decoupled from the machine
101 (step 323).

[0027] However, if calibration data for the Implement
ID is not stored in the machine table (step 305), the ma-
chine controller 109 determines whether calibration data
for the Implement Type is stored in the Machine Table
(step 311). As discussed above, calibration data for the
same Implement Type, but for a different Implement ID,
may be stored in the machine table if the machine 101
had previously been coupled to and calibrated for oper-
ation with a different implement of the same type. If the
machine table includes calibration data for the same Im-
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plement Type (step 311), the machine controller 109 cal-
culates an average calibration value from any stored cal-
ibration values in the machine table for the same Imple-
ment Type (step 313) and uses the calculated average
calibration value (step 315) while operating the machine
101 (step 309) until the implement 103 is decoupled from
the machine 101 (step 323).

[0028] For example, the Machine Table of Fig. 2A in-
cludes four entries for Implement Type A - two for cali-
bration ID 1 and two for calibration ID 2. Accordingly, if
the machine 101 were coupled to a new implement of
Implement Type A, the machine controller 109 would the
calculate calibration values for the new implement based
on average of the values stored in the machine table. For
example, the average calibration value for Calibration ID
1 and Implement Type A is 1.0 and the average calibra-
tion value for Calibration ID 2 and Implement Type A is
2.9. Accordingly, if the machine 101 were coupled to a
new implement of Implement Type A, the machine con-
troller 109 would use Calibration Value 1.0 and Calibra-
tion Value 2.9 for Calibration IDs 1 and 2, respectively,
to control the operation of the machine with the imple-
ment.

[0029] Ifthe Machine Table does not have any calibra-
tion data for the Implement ID or for the Implement Type,
then the machine controller 109 queries the implement
controller 115 to determine whether the Implement Table
stores any calibration data for the Machine ID of the ma-
chine 101 (step 317). If any calibration data for the Ma-
chine ID is stored in the implement table (step 317), the
relevant calibration values are copied from the Implement
Table to the Machine Table and the new entry in the
Machine Table are assigned the Implement ID and Im-
plement Type of the implement 103 that is currently cou-
pled to the machine 101 (step 319). The machine con-
troller 109 is then able to access calibration data for the
Implement ID now stored in the Machine Table (i.e., cop-
ied from the Implement Table) (steps 305 & 307).
[0030] However, if the Implement Table of the imple-
ment 103 does not have any calibration data for the Ma-
chine Type of the machine 101, then the machine con-
troller 101 uses a default calibration value (step 321) to
control the operation of the machine 101 with the imple-
ment 103 (step 309) until the implement 103 is decoupled
from the machine 101 (step 323). In various differentim-
plementations, the machine controller 109 can be con-
figured to use different techniques to determine a set of
default calibration values. However, in some implemen-
tations, as illustrated in Fig. 4, the machine controller 109
is configured to access default calibration values from a
remote server 121. The machine controller 109 sends a
request for calibration values for a particular Implement
ID and/or Implement Type (step 401). The machine con-
troller 109 receives one or more calibration values from
the remote server 121 (step 403) and operates the ma-
chine & implement based on the calibration values re-
ceived from the remote server 121 (step 405).

[0031] In some implementations, the remote server
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121 may be configured to store a set of default calibration
values for each of a plurality of combinations of Machine
Type and Implement Type. In some such implementa-
tions, the stored default calibration values are determined
by the manufacturers, by modelling, or by experimental
testing. However, in other implementations, the remote
server 121 may be configured to aggregating calibration
values received from a plurality of different machines and
implements (e.g., all machines and implements in a fleet)
and to calculate default calibration values based on the
aggregated data. Based on the aggregated data, the re-
mote server 121 may be configured to identify all calibra-
tion values for each unique combination of Machine Type
and Implement Type and to calculate averages of those
calibration values that are then sent in response to a re-
quests for default calibration values. For example, in re-
sponse to receiving a request from the machine 101 (of
Machine Type A) for default calibration data for an im-
plement of Implement Type B (e.g., step 401 in Fig. 4),
the remote server 121 may calculate an average of all
the calibration values that have been aggregated for
combinations of Machine Type A and Implement Type B
and to send the calculated average value to the machine
controller 109 as the "default" calibration value (step
403). In some implementations, the remote server 121
may be configured to use calculation techniques other
than simple averaging to determine default calibration
values may be configured to apply weighting to calibra-
tion data in the aggregated data that references the spe-
cific Machine ID or Implement ID involved in a particular
request for default calibration values.

[0032] Fig. 3 is just one example of a mechanism for
determining calibration values based on calibration data
stored in a machine table, an implement table, and/or the
remote server 121. Other implementations may include
other mechanisms in addition to or instead of those par-
ticular steps in the example of Fig. 3. For example, al-
though the machine table of Fig. 2A includes calibration
values for only two Implement Types (A and B), in some
implementations, a much larger number of different ma-
chine types might be configured for use with a particular
machine. In some implementations, implements of dif-
ferent Implement Types may be similar enough that cal-
ibration data for one Implement Type might be useful as
calibration data for another Implement Type. For exam-
ple, although each make/model of header may be as-
signed a different "Implement Type," different headers
from the same manufacturer may be constructed simi-
larly and, therefore, similar calibration might be applica-
ble to different types of headers from the same manu-
facturer. As another example, headers from different
manufacturers may be configured to operate similarly
and to collect the same crop and, therefore, similar cal-
ibration data might be application to similar types of head-
ers from different manufacturers.

[0033] Accordingly, for a particular Implement Type,
the machine controller 109 may be configured to identify
one or more additional Implement Types that are classi-
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fied as "similar" to that particular Implement Type. The
machine controller 109 may be further configured to de-
termine that the Machine Table does not have any stored
calibration data for the particular Implement ID or for the
particular Implement Type (e.g., steps 305 and 311 in
the example of Fig. 3) and, in response, to determine
whether the Machine Table has any stored calibration
data for Implement Types that are classified as "similar"
to the Implement Type of theimplement 103. If calibration
data for "similar" Implement Types is stored in the Ma-
chine Table, the machine controller 109 may be config-
ured to calculate calibration values for the implement 103
based on the stored calibration data for the "similar" Im-
plement Types (e.g., by calculating an average of stored
calibrations values for those "similar" Implement Types).
[0034] In some implementations, the machine control-
ler 109 is configured to update the Machine Table to in-
clude a new entry for the implement 103 in response to
determining appropriate calibration data for the imple-
ment 103, for example, based on an average of stored
calibration data for other implements of the same Imple-
ment Type or based on default calibration data received
from the remote server 121. Additionally, in some imple-
mentations, the machine controller 109 may be config-
ured to send the new calibration data to the implement
controller 115 after creating a new entry for the implement
103 in the Machine Table and, in response to receiving
the new entry from the machine controller 109, the im-
plement controller 115 will create a corresponding new
entry in the Implement Table.

[0035] The machine controller 109 may also be con-
figured to apply additional optimization routines to im-
prove the calibration data stored in the Machine Table
and/or the Implement Table. For example, as illustrated
in Fig. 5, the machine controller 109 may begin operating
the machine and implement based on calibration values
determined by the method of Fig. 3 (step 501). While
operating the machine/implement, the machine control-
ler 109 may also apply an optimization routine to contin-
ually adjust the calibration values based on feedback, for
example, fromone or more sensors toimprove the control
and operation of the implement coupled to the machine
(step 503). As the calibration values are updated based
on the feedback and the optimization routine, the cali-
bration values stored in the Machine Table are also up-
dated accordingly (step 505). In some implementations,
where the calibration value used to control the ma-
chine/implement combination is determined, not based
on a stored prior calibration value for the particular pair,
but on a calculated value or default value, a "confidence"
factor will be applied that may alter the way in which the
machine controller 109 and/or the implement controller
115 uses the calibration value or the optimization routine.
[0036] Although the examples described above (e.g.,
in reference to Fig. 3) are performed by the machine con-
troller 109, in some implementations, the implement con-
troller 115 is configured to perform the same or similar
operations to determine appropriate calibration values in
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addition to or instead of the machine controller 109 per-
forming these operations. For example, in response to
detecting a coupling with a machine 101 (i.e., step 301
of Fig. 3), the implement controller 115 will identify the
Machine ID and Machine Type of the machine 101 (i.e.,
step 303) and determine whether the Machine ID is
stored in the Implement Table (i.e., step 305). If not, the
implement controller 115 will calculate one or more cal-
ibration values for the machine 101 based on an average
of calibration values stored in the Implement Table for
different machines of the same Machine Type.

[0037] Accordingly, in addition to sending queries to
the implement controller 115 in order to determine wheth-
er calibration data for a particular Machine ID is stored
in the Implement Table of the implement 101, the ma-
chine controller 109 may also receive similar requests
from the implement controller 115. As illustrated in Fig.
6, in response to receiving a request from the implement
controller 115 for calibration values (step 601), the ma-
chine controller 109 will determined whether calibration
values for the Implement ID of the implement 103 are
stored in the Machine Table (step 603). If so, the relevant
calibration data from the Machine Table is transmitted
by the machine controller 109 to the implement controller
115 (step 605). However, if no calibration data for the
Implement ID of the implement 103 is stored in the Ma-
chine Table, then the machine controller 109 transmits
a negative response to the implement controller 115 in-
dicating that the requested data is not available in the
Machine Table (step 607).

[0038] For implementations where both the machine
controller 109 and the implement controller 115 are con-
figured to determine appropriate calibration values for
the machine/implement combination, the controllers 109,
115 may be configured to coordinate these determina-
tions and to share information. For example, when the
method of Fig. 3 is performed by the machine controller
109, the machine controller 109 may determine that the
Machine Table does not store any calibration data for the
Implement ID or the Implement Type of the implement
103. However, if the implement controller 115 is config-
ured to perform a method similar to the method of Fig. 3
at the same time, the implement controller 115 may de-
termine that the Implement Table stores calibration data
for other machines of the same Machine Type as the
machine 101. Accordingly, the machine controller 109
would not be able to calculate calibration data for the
implement 103 based on stored calibration data in the
Machine Table for other implements of the same Imple-
ment Type. However, the implement controller 115 would
be able to calculate calibration data for the machine 101
based on stored calibration data in Implement Table for
other machines of the same Machine Type as the ma-
chine 101.

[0039] After calculating calibration values for the ma-
chine 101 based on the average of the stored calibration
values for other machines of the same Machine Type,
the implement controller 115 would update the Imple-
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ment Table to include a new entry for the Machine ID of
the machine 101 with the calculated average calibration
value(s) as the stored calibration value for the new entry.
Then, when the machine controller 109 sends a request
to the implement controller 115 querying whether the Im-
plement Table stores any calibration value for the Ma-
chine ID of the machine 101 (step 317 of Fig. 3), the
implement controller 115 will respond by transmitting to
the machine controller 109 the calibration data from the
newly created entry in the Implement Table.

[0040] Finally, the examplesthe described above (e.g.,
in reference to Fig. 3) describe copying calibration values
from the Implement Table to the Machine Table (and vice
versa) in response to specific determinations and re-
quests sent by one controller to the other (i.e., step 319).
However, in some implementations, the machine con-
troller 109 and/or the implement controller 115 may be
configured to shared calibration data with the other con-
troller automatically in response to detecting the coupling
of the implement 103 to the machine 101. Accordingly,
in some implementations, the machine controller 109
may be configured to update the data in the Machine
Table based on the data received from the Implement
Table automatically before determining the appropriate
calibration data for the machine/implement combination,
thereby avoiding the need for specific requests transmit-
ted between the controllers later.

[0041] Figs. 7A & 7B, Figs. 8A & 8B, Figs. 9A & 9B,
and Figs. 10A & 10B present four additional examples
of Machine Tables & Implement Tables that may be
stored by the machine 101 and the implement 103, re-
spectively. Figs. 7A and 7B provide an example of a "rou-
tine" attachment in which the machine 101 and the im-
plement 103 have been coupled and calibrated to each
other before. According to the method of Fig. 3, the ma-
chine controller 109 will detect the coupling (step 301)
and identify the implement 103 as Implement ID 2 and
Implement Type B (step 303). The machine controller
109 checks the Machine Table (of Fig. 7A), finds a cali-
bration value "5" for Implement ID 2 (step 305), and uses
the accessed calibration value "5" to control the operation
of the machine/implement combination (steps 307 &
309). Similarly, upon detecting the coupling of the imple-
ment 103 to the machine 101 (step 301), the implement
controller 115 will identify the machine 101 as Machine
ID 3 and Machine Type A (step 303). The implement
controller 115 checks the Implement Table (of Fig. 7B),
finds a calibration value "5" for Machine ID 3 (step 305),
and uses the accessed calibration value "5" to control
operation of the machine/implement combination (steps
307 & 309).

[0042] Figs. 8A and 8B provide an example where the
implement 103 is a new implement and, therefore, the
Implement ID for the implement 103 is not stored in the
Machine Table and no calibration data of any type is
stored in the Implement Table. Upon detecting the cou-
pling (step 301), the machine controller 109 identifies the
implement 103 as Implement ID 2 and Implement Type
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B (step 303). The machine controller 109 discovers that
there is no calibration data stored in the Machine Table
for Implement ID 2 (step 305), but that there is calibration
stored for other implements of Implement Type B (step
311). Therefore, the machine controller 109 calculates
an average of the calibration values stored in the Machine
Table for Implement Type B (average = 5) (step 313).
The machine controller 109 then updates the Machine
Table to include a new entry for Implement ID 2 with a
calibration value of "5" and uses that calculated average
value as the calibration value for controlling the operation
of the machine/implement combination (steps 315 and
309).

[0043] On the other hand, after detecting the coupling
(step 301) and identifying the machine 101 as Machine
ID 3 and Machine Type A (step 303), the implement con-
troller 115 finds that there is no calibration data in the
Implement Table for the Machine ID (step 305) or for the
Machine Type (step 311). Accordingly, the implement
controller 115 queries the machine controller 109 to de-
termine whether calibration data is stored in the Machine
Table for the Implement ID 2 of the implement 103 (step
317). Ifthe machine controller 101 has already performed
the method of Fig. 3 and updated the Machine Table (as
described above in reference to Fig. 8A), then the ma-
chine controller will respond to the inquiry by providing
the calibration value of "5" (i.e., the average calibration
value from the Machine Table for other implements of
Implement Type B as previously calculated by the ma-
chine controller 109). The implement controller 115 re-
ceives this calibration value from the machine controller
109, updates the Implement Table (step 319), and uses
that calibration value for controlling the operation of the
machine/implement combination (steps 307 and 309).
However, if the machine controller 101 has not already
performed the method of Fig. 3, the machine controller
101 will respond to the inquiry by indicating that there is
no calibration data stored in the Machine Table for the
Implement ID 2 and, therefore, the implement controller
115 will use a default calibration value (e.g., received
from the remote server 121) to control the operation of
the machine/implement combination (steps 321 and
309).

[0044] Figs. 9A and 9B provide an example where the
machine 101 and the implement 103 have been used
before and, therefore, have calibration data stored in the
Machine Table and the Implement Table, but the ma-
chine 101 and the implement 103 have not been used
together. After detecting the coupling (step 301) and
identifying the implement 103 as Implement ID 2 and
Implement Type B (step 303), the machine controller 109
finds that there is no calibration data stored in the Ma-
chine Table for the Implement ID (step 305) or for the
Implement Type (step 311). The machine controller 109
then transmits a query to the implement controller 115
to determine whether there is any calibration data stored
in the Implement Table for the machine 101 (i.e., for Ma-
chine ID 3) (step 317). The reply from the implement con-
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troller 115 confirms thatthere is no calibration data stored
in the Implement Table for Machine ID 3 and, therefore,
the machine controller 109 retrieves a default calibration
value (e.g., from the remote server 121) (step 321) to
use while operating the machine/implement combination
(step 309).

[0045] However, from the perspective of the implement
controller 115, after detecting the coupling (step 301) and
identifying the machine 101 as Machine ID 3 and Machine
Type A (step 303), the implement controller 115 finds
that there is no calibration data in the Implement Table
for Machine ID 3 (step 305), but there is calibration data
for another machine of Machine Type A (step 311). Ac-
cordingly, the implement controller 115 calculates an av-
erage of the calibration values in the Implement Table
for the other machines of Machine Type A (i.e,. average
value =4.87) (step 313) and uses the calculated average
value to control operation of the machine/implement
combination (steps 315 and 309). As discussed above,
in some implementations, the implement controller 115
would be configured to automatically transmit the calcu-
lated average calibration value to the machine controller
109 so that the machine controller 109 can use the same
calibration value for controlling the operation of the ma-
chine/implement combination. Furthermore, in some im-
plementations, the implement controller 115 is config-
ured to update the Implement Table to add a new entry
for the Machine ID 3 after calculating the average cali-
bration values for other machines of Machine Type A.
Accordingly, if the implement controller 115 has updated
the Implement Table to include this new entry before re-
ceiving the request from the machine controller 109 (i.e.,
step 317), the implement controller 115 would respond
to the query from the machine controller 109 by confirm-
ing that the Implement Table does have calibration data
for Machine ID 3 and transmitting the calibration value
to the machine controller 109 to be stored by the machine
controller 109 in the Machine Table (i.e., step 319).
[0046] Finally, Figs. 10A and 10B provide an example
of a "forgotten" machine/implement combination. In this
example, the implement 103 and the machine 101 have
been used together before and the Implement Table in-
cludes calibration data for the machine 101. However,
due, for example, to a system error, reprogramming,
servicing, or other issues, the Machine Table of the ma-
chine 101 does not have any calibration data for the im-
plement 103. Accordingly, upon detecting the coupling
(step 301) and identifying the implement 103 as Imple-
ment ID 2 and Implement Type B (step 303), the machine
controller 109 finds that the Machine Table does nothave
any calibration data for the Implement ID 2 (step 305) or
forany otherimplements of Implement Type B (step 311).
The machine controller 109 sends a query to the imple-
ment controller 115 to determine whether any calibration
data for the Machine ID of the machine 101 (i.e., Machine
ID 3) is stored in the Implement Table of implement 103
(step 317). Because the Implement Table includes three
separate calibration values for Machine ID 3 (i.e,. the
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specific machine 101 that is now coupled to the imple-
ment 103), the implement controller 115 responds by
transmitting all of the calibration data for Machine ID 3
to the machine controller 109. The machine controller
109 updates the Machine Table based on this received
calibration data from the implement controller 115 (step
319) and uses the stored calibration data that is now in-
cluded in the Machine Table to control the operation of
the machine/implement combination (steps 307 and
309).

[0047] Conversely, when the implement controller 115
detects the coupling (step 301) and identifies the ma-
chine 101 as Machine ID 3 and Machine Type A (step
303), the implement controller 115 finds calibration data
for Machine ID 3 already stored in the Implement Table
(step 305). Accordingly, the implement controller 115
simply uses the calibration data for Machine ID 3 from
the Implement Table to control the operation of the ma-
chine/implement combination (step 307 and 309).
[0048] In the discussion of the examples of Figs. 7A
through 10B, the calibration data access and synchroni-
zation is performed by both the machine controller 109
and the implement controller 115. However, as noted
above, in some implementations, only one of the machine
controller 109 or the implement controller 115 might be
configured to access and synchronize the calibration da-
ta. Furthermore, in some implementations, the machine
controller 109 and the implement controller 115 may be
configured to use different methods and mechanisms for
synchronizing and sharing calibration data to be used in
controlling the operation of the machine/implement com-
bination.

[0049] Accordingly, the invention provides, among oth-
er things, systems and methods for controlling operation
of a machine that is selectively coupled to an implement
based on stored calibration data for the specific imple-
ment and calibration data stored for other implements of
the same type. Other features and advantages of the
invention are set forth in the following claims.

Claims

1. A method of calibrating a machine for operating with
an implement that is selectively coupleable to the
machine, the method comprising:

detecting a coupling between the machine and
the implement selectively coupled to the ma-
chine;

electronically receiving, from the implement in
response to detecting the coupling, an identifi-
cation of the implement;

accessing machine calibration data from a
memory of the machine, wherein the machine
calibration data includes an identification of one
or more specific implements and a calibration
value for each of the one or more specific im-



17 EP 3 756 434 A1 18

plements;

identifying, from the machine calibration data,
the calibration value corresponding to the re-
ceived identification of the implement;
operating the machine and the implementbased
on the identified calibration value; and
synchronizing the machine calibration data
stored on the memory of the machine with im-
plement calibration data stored on a memory of
the implement.

The method of claim 1, wherein synchronizing the
machine calibration data with the implement calibra-
tion data includes

receiving a calibration value from the implement cor-
responding to the machine, and

updating the machine calibration data to include the
calibration value received from the implement and
an identification of the implement.

The method of claim 1, wherein synchronizing the
machine calibration data with the implement calibra-
tion data includes synchronizing the machine cali-
bration data with the implement calibration data in
response to detecting the coupling.

The method of claim 1, further comprising determin-
ing whether the machine calibration data from the
memory of the machine includes a calibration value
corresponding to the identification of the implement
that is selectively coupled to the machine.

The method of claim 4, wherein synchronizing the
machine calibration data with the implement calibra-
tion data includes

transmitting a calibration data query to the implement
in response to determining that the machine calibra-
tion data does not include the calibration value cor-
responding to the identification of the implement that
is selectively coupled to the machine,

receiving, from the implement in response to the cal-
ibration data query, a calibration value correspond-
ing to the machine, and

updating the machine calibration data to include the
calibration value received from the implement in re-
sponse to the calibration data query and an identifi-
cation of the implement.

The method of claim 4, further comprising:

identifying an implement type of the implement
that is selectively coupled to the machine,
wherein the machine calibration data stored to
the memory of the machine includes an identi-
fication of the implement type for each of the one
or more specific implements; and

calculating a new calibration value for the imple-
ment in response to determining that the ma-
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chine calibration data does not include the cal-
ibration value corresponding to the identification
of the implement that is selectively coupled to
the machine, wherein the new calibration value
is calculated based at least in part on one or
more calibration values in the machine calibra-
tion data corresponding to implements of the
same implement type as the implement that is
selectively coupled to the machine.

The method of claim 6, wherein calculating the new
calibration value includes calculating the new cali-
bration value as an average of the one or more cal-
ibration values in the machine calibration data cor-
responding to the implements of the same implement
type as the implement that is selectively coupled to
the machine.

The method of claim 6, further comprising:

determining whether the machine calibration da-
ta from the memory of the machine includes any
calibration values corresponding to implements
of the same implement type as the implement
that is selectively coupled to the machine; and
determining one or more implement types that
are classified as similar to the implement type
of the implement that is selectively coupled to
the machine,

wherein, in response to determining that the ma-
chine calibration data does not include any cal-
ibration values corresponding to implements of
the same implement type as the implement that
is selectively coupled to the machine, the new
calibration value is calculated based at least in
part on one or more calibration values in the ma-
chine calibration data corresponding to imple-
ments of the one or more implement types that
are classified as similar to the implement type
of the implement that is selectively coupled to
the machine.

9. The method of claim 1, further comprising:

electronically receiving, by the implement from
the machine, an identification of the machine;
accessing, by the implement, the implement cal-
ibration data from the memory of the implement,
wherein the implement calibration data includes
an identification of one or more specific ma-
chines and a calibration value for each of the
one or more specific machines;

determining, by the implement, whether the im-
plement calibration data includes a calibration
value corresponding to the identification of the
machine to which the implement is selectively
coupled;

calculating a new calibration value for the ma-
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chine in response to determining that the imple-
ment calibration data does not include the cali-
bration value corresponding to the identification
of the machine; and

updating the implement calibration data to in-
clude the new calibration value for the machine
and the identification of the machine to which
the implement is selectively coupled.

The method of claim 9, wherein synchronizing the
machine calibration data with the implement calibra-
tion data includes

transmitting the new calibration value for the ma-
chine from the implement to the machine; and
updating the machine calibration data to include the
new calibration value for the machine and an iden-
tification of the implement that is selectively coupled
to the machine.

A system for operating a machine with an implement
thatis selectively coupleable to the machine, the sys-
tem comprising an electronic machine controller
configured to:

detect a coupling between the machine and the
implement selectively coupled to the machine;
electronically receive, from the implement in re-
sponse to detecting the coupling, an identifica-
tion of the implement;

access machine calibration data from a memory
of the machine, wherein the machine calibration
data includes an identification of one or more
specific implements and a calibration value for
each of the one or more specific implements;
identify, from the machine calibration data, the
calibration value corresponding to the received
identification of the implement;

operate the machine and the implement based
on the identified calibration value; and
synchronize the machine calibration data stored
on the memory of the machine with implement
calibration data stored on a memory of the im-
plement.

The system of claim 11, wherein the electronic ma-
chine controller is configured to synchronize the ma-
chine calibration data with the implement calibration
data by receiving a calibration value from the imple-
ment corresponding to the machine, and

updating the machine calibration data to include the
calibration value received from the implement and
an identification of the implement.

The system of claim 11, wherein the electronic ma-
chine controller is configured to synchronize the ma-
chine calibration data with the implement calibration
data by synchronizing the machine calibration data
with the implement calibration data in response to
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1"

detecting the coupling.

14. The system of claim 11, wherein the electronic ma-

chine controller is further configured to:

determine whether the machine calibration data
from the memory of the machine includes a cal-
ibration value corresponding to the identification
of the implement that is selectively coupled to
the machine;

identify an implement type of the implement that
is selectively coupled to the machine,

wherein the machine calibration data stored to
the memory of the machine includes an identi-
fication of the implement type for each of the one
or more specific implements; and

calculate a new calibration value for the imple-
ment in response to determining that the ma-
chine calibration data does not include the cal-
ibration value corresponding to the identification
of the implement that is selectively coupled to
the machine, wherein the new calibration value
is calculated based at least in part on one or
more calibration values in the machine calibra-
tion data corresponding to implements of the
same implement type as the implement that is
selectively coupled to the machine.

15. The system of claim 14, wherein the electronic ma-

chine controller is further configured to:

determine whether the machine calibration data
from the memory of the machine includes any
calibration values corresponding to implements
of the same implement type as the implement
that is selectively coupled to the machine; and

determine one or more implement types that are
classified as similar to the implement type of the
implement that is selectively coupled to the ma-
chine,

wherein, in response to determining that the ma-
chine calibration data does not include any cal-
ibration values corresponding to implements of
the same implement type as the implement that
is selectively coupled to the machine, the new
calibration value is calculated based at least in
part on one or more calibration values in the ma-
chine calibration data corresponding to imple-
ments of the one or more implement types that
are classified as similar to the implement type
of the implement that is selectively coupled to
the machine.
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Machine Table - Machine ID 3, Type A

ImplementID ' Implement Type | CalibrationID Calibration Value
A 1 1.1
1 A 2 3.1
2 A 2 2.7
3 B 1 5
4 A 1 0.9
5 B 2 4.875

FIG. 2A

Implement Table - Implement ID 3, Type B

Machine ID Machine Type CalibrationID Calibration Value
1 A 1 4.87
2 B 1 17
3 A 1 5

FIG. 2B

13
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